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Abstract

Objectives: This study aimed to geospatially model the

level of geographic accessibility to health facilities among

Amazonian Indigenous communities in a region of Peru.

Methods: Spatial modeling of the physical accessibility of

the Indigenous communities to the nearest health facility

was performed through cost-distance analysis. The study

area was Loreto, the region with the largest territorial

area and number of Indigenous communities in Peru. The

time required to reach a health facility was determined by

cumulatively adding the time needed to cross the grids on

the lowest cost route from the Indigenous communities’

locations to the nearest health facility, by considering

Amazonian geographical conditions and the main types

of transport used.

Results: The median time to reach a health facility was

0.96 h (interquartile range: 0.45e2.41). Of the total

communities (n ¼ 1043), only 479 (45.93%) communities

were within 1 h from the nearest health facility, and 161

(15.44%) were more than 8 h away. The Indigenous

communities more than 8 h away from a health estab-

lishment were located in the border areas of the depart-

ment of Loreto.

Conclusion: One in two Indigenous communities is more

than 1 h from the nearest health facility.

Keywords: Geographic information systems; Native com-

munities; Peru; South America; Spatial analysis; Spatial

interaction model
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Introduction

Access to health care is essential to preserve or improve the

health of a population.1Within the framework of theUniversal
Health Coverage initiative and the Sustainable Development
Goals seeking to “leave no one behind,” a series of actions,

established at the country level, aim to reduce inequalities in
access to essential health care and increase the health care
coverage in countries worldwide.2,3 However, half the world’s

population still lacks access to essential health services.2,3

Geographical access to health services has been studied
extensively in recent years, for medical conditions requiring
rapid access to health facilities (e.g., maternal perinatal dis-

eases or traffic accidents). Delays in arrival to health facilities
are associated with worse health outcomes in populations.4e6

Geographical difficulties in accessing a health service include

factors such as the terrain, distance, or access to transport,
and can result in delays in arrival or access to health
services. Territorial areas may have few health care facilities,

which are widely distributed; moreover, differences in access
to health services may exist between urban and rural areas
in developed and developing countries.2

In the Americas, 21% of the population lacks access to
health services because of geographical barriers.7 In this
region, the Indigenous population has poorer health than
the non-Indigenous population, including a greater propor-

tion of people affected by conditions such as tuberculosis,
HIV/AIDS, sexually transmitted diseases, and maternal and
infant mortality.8,9 Peru is the country with the second-

largest Indigenous population and the third-largest number
of Indigenous peoples in the Latin American region.10 In
Peru, 55 Indigenous peoples distributed in groups have

settled in territories called Indigenous communities.11 The
Indigenous groups in Peru have less access to health care
and poorer health than non-Indigenous groups.12,13

The Peruvian Amazon, one of the three natural regions of

Peru, located east of the Andes mountain range, is charac-
terized by lush vegetation, deep rivers, abundant rainfall, and
a low population density. Rural communities have low ac-

cess to medical care because of their geographical dispersion
across the Amazon territory, distance to health facilities, and
socio-cultural barriers to health care.14,15 Within the

Peruvian Amazon, the Loreto region, the department with
the largest geographical area in Peru, includes 28 of the 55
Indigenous communities in the country.11

For the period between 2013 and 2014, half the Indigenous
communities in Peru had no health facilities within their terri-
torial areas.16 These populations’ displacement and ease of
access to transport are barriers that must be addressed.13,16

Because these Indigenous communities are usually located in
rural and remote areas that are difficult to access, they face
geographical, transport, and cultural barriers to receiving

health care, which may be associated with higher mortality
and serious complications. The objective of this study was to
use geospatial modeling to explore the level of geographic
accessibility to health facilities among Amazonian Indigenous
communities in a region of Peru.

Materials and Methods

Study area

Peru is divided into 25 political-administrative units (24
departments and one constitutional province). The study
area corresponded to the department of Loreto, which has

the largest territorial area among the departments of Peru
(368,852 km2; 29% of the total area of Peru) and is located in
the Peruvian Amazon in northeastern Peru. By 2017, it had a

population of 883,510 inhabitants, 31.3% of whom lived in
rural areas, and a population density of 2.4 inhabitants/
km2.17 In Peru, there are 48 Indigenous languages, 44 of
which are present in the Amazon region, and four of which

are present in the Andean region.18 These languages are
grouped into 19 language families.18 In the Loreto region,
the use of 28 Indigenous languages has been reported, 20

of which are spoken only in this department.18

Data

Spatial modeling of physical accessibility to health facil-
ities among Indigenous communities was performed through
cost-time analysis.19,20 The vector data were converted into

an output raster format in which each cell was assigned the
cumulative cost to the nearest source cell, to perform
analysis operations and mathematical functions.21

The cost-time of traveling froman Indigenous community to

a health facility, in a raster data structure, behaved similarly to
connectionnodes, such that the cost of transportwas affectedby
the spatial orientation and how the nodes were connected.19,21

Friction surfaces

Africtionsurface consists of a two-dimensional grid.Herein,
each cell of the grid represented a form of transport that con-
tained cost values expressing the resistance of a cell to be tra-

versed.21Because of the geographical conditionsof theAmazon
and the type of transport mainly used in the area, roads and
navigable rivers were used as friction variables, and areas for

accessibility, such as slopes and vegetation cover, were limited.
Given that various types of transport infrastructure have

different characteristics, the weighted valuation of the vari-
ables of each friction surface raster was determined, and the

cost-time per cell (sec � cell) was calculated according to
equations (1) and (2) below.22

Cost ¼ Time

Distance
(1)

TimeSec=cell ¼ Cell size�

0
BB@

1

ðSpeedðkm=hÞ*�10003600

��

1
CCA (2)

Two important friction surfaces that favor accessibility in
the field of study were identifieddroad and river navi-

gation23dand the average speeds for each typewere assessed.24

Two main friction surfaces reduced accessibility: the slope of
the land and the type of vegetation cover.25,26 The calculation
of the slope of the land was generated from a digital elevation

http://creativecommons.org/licenses/by-nc-nd/4.0/
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model (DEM) that allows for the calculation of the specific
slope of territory.27,28

Main variable

The main variable in the study was the travel time to

health facilities, on the basis of a distance cost analysis. In the
department of Loreto, 384 georeferenced health facilities are
registered in the National Georeferenced System SAY-

HUITE (http://www.sayhuite.gob.pe/sayhuite/map.phtml).
Likewise, the localization points of the Indigenous commu-
nities were obtained from the Instituto del Bien Común
(http://www.ibcperu.org/mapas/sicna/).

Processing

A cost-distance analysis was performed to model the

accessibility of Indigenous communities to the nearest health
facility. The analysis was performed with ArcGIS Desktop
software version 10.4 (ESRI Inc., Redlands, CA, USA). First,

the conversion to raster format with 30-m spatial resolution
Table 1: Speeds and costs according to friction surfaces.

Type of friction surfaces Average

speed

(km/h)

Surfaces favoring accessibility

Road23

Asphalt 60

Affirmed 50

Not affirmed/gauged 40

Navigation23

Amazonian rivers 10

Amazon rivers with

cargo transit

18

Surfaces decreasing accessibility
a

Slopes (%)25

0e10 (walking) 5

10e30 (walking) 4

30e50 (walking) 2

>50 (walking) 1.5

Land cover26

Non-Amazon forest

areas

5

High hill forest 2.5

Splitter high hill forest 2.3

Low hill forest 2.5

Woodland plain forest 3

Mountain forest 1.5

Basimontane mountain

forest

1.2

Mountain forest 1.2

High terrace forest 2.9

Low terrace forest 3.1

Blackwater flooded

terrace forest

3.5

Flooded palm forest 3

Hydrophilic grassland 4.5

Lagoons, lakes, and

swamps

1

River 10

Island vegetation 3

Sclerophyllous

vegetation of white sand

4.2

a The DEM used for the analysis was the 30 m SRTM.
grids was performed by using the “Feature to Raster” tool. In
the case of the DEM Shuttle Radar Topography Mission

(SRTM), data were converted to a slope map with the “Slope”
function. The reclassification of the input variables was per-
formed according to Table 1. The data were then processed

with the “Mosaic to new Raster,” “Raster calculator,” and
“Cost distance” tools, for raster joining, friction surface
calculation, and distance cost calculation, respectively. The

time required to reach a health facility was determined by
cumulatively adding the time needed to cross the grids on
the lowest cost route from the location of the Indigenous
communities to the health facility, thus resulting in a

distance raster that was converted to units of time in hours
in the ranges 0 to <2, 2 to <4, 4 to <8, or 8 or more hours.

Results

Table 1 shows the inputs included in the analysis. The

study included a total of 1043 Indigenous communities,
35,838 families, and a total population of 185,349 people.
Most of the Indigenous communities did not have a health
Cost

(min/10 km)

Cost

(sec � cell)

10 5

12 6.48

15 8.1

60 32

33 18

120 65

150 81

300 162

400 216

120 65

240 130

261 141

240 130

200 108

400 216

500 270

500 270

207 112

194 105

171 93

200 108

133 72

600 324

60 32

200 108

143 77

http://www.sayhuite.gob.pe/sayhuite/map.phtml
http://www.ibcperu.org/mapas/sicna/


Table 2: Characteristics of Indigenous communities in the Loreto region, Peru.

Characteristics Communities (n ¼ 1043)

n %

Population (median

and interquartile range)

121 (70e220)a

Linguistic family

Quechua 207 19.85

Cahuapana 181 17.35

Tupi-Guarani 175 16.78

Jibaro 156 14.96

Others 324 31.06

Presence of health establishment

Yes 130 12.46

No 913 87.54

a Population size data were available for 997 of 1043 communities.

Table 3: Time to access health facilities among Indigenous communities.

Characteristics Communities (n ¼ 1043)

n %

Time to health facility (h) 0.96 (0.45e2.41)a

Less than 2 h 654 62.70

2 to <4 h 142 13.61

4 to <8 h 86 8.25

8 h or more 161 15.44

“Golden hour” (less than 1 h) 479 45.93

Population with access by time rangesb

Less than 2 h 136635 73.72

2 to <4 h 21960 11.85

4 to <8 h 17708 9.55

8 h or more 9046 4.88

“Golden hour” (less than 1 h) 107258 57.87

a Median and interquartile range.
b The population was calculated within the time categories for access of 997 of 1043 communities, because population data were available

for these communities.
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facility (87.54%). Of the 130 health facilities in Indigenous
communities (with one health facility per community), 127

were health posts (118 public; nine private). Among the
health centers, four were public, and three were private.
The Quechua linguistic family was the most common

language spoken by the Indigenous communities studied
(19.85%), followed by Cahuapana (17.35%) (Table 2).

Among the communities, 479 (45.93%) communities were

within 1 h, 654 (62.70%) were within 2 h, 142 (13.61%) were
within 2e4 h, 86 (8.25%) were within 4e8 h, and 161
(15.44%) were within more than 8 h of the nearest health

facility (Table 3). The median time to health facilities from
the Indigenous communities was 0.96 h (interquartile
range: 0.45e2.41).

Regarding the geographical distribution, most Indigenous
communities more than 8 h away from the nearest health
establishment were in border areas of the department of

Loreto (Figure 1).



Figure 1: Estimated travel time to the closest health facility.
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Discussion

This study sought to model and estimate the level of

geographic accessibility to health facilities among the
Indigenous Amazonian communities of the Loreto region of
Peru. Most of the Indigenous communities were located

more than 1 h from the nearest health facility, and one-third
of these communities were more than 2 h away. Additionally,
the Indigenous communities located in border areas of the

Loreto region were mostly more than 4 h from the nearest
health facility. Hence, We found that nearly half of the
indigenous communities are in a time range greater than one
hour ("golden hour") for access to health facilities through
any means of transport available in the Loreto region.

More than half the Indigenous communities were more
than 1 h away from a health facility. An increase in time or
distance of 1 h or 1 km, respectively, from a health facility

can decrease the likelihood of an institutional birth.4

Additionally, in emergency medicine and related health
sciences, a “golden hour” has been described, such

that transport of patients with severe trauma to health
facilities within the first hour after a traumatic event
decreases both morbidity and mortality.29 Although this
concept is not completely accepted by the scientific
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community, and evidence both for and against it has been
reported,30,31 in Indigenous communities, where the use of

health services is low,32 and cultural barriers exist
regarding language and expectations regarding the quality
of care and waiting time,32,33 access to health facilities in

less time is likely to favor the use of health services by the
residents of these communities.

According to the medical literature, the availability of

transport also influences access to health services. Various
Indigenous communities of Peru, including those located in
Loreto, use river transportation, which is usually expensive
and requires payment before each trip. In Peru, only one-

quarter of the health facilities in Indigenous Amazonian
villages have a means of transportation for visits, medical
care, or the transfer of patients, and they experience budget

constraints on the purchase of fuels and maintenance of
transport vehicles.13 Additionally, the high local costs of
using private transport to transfer patients hinders access

to medical care.13 Strategies to improve physical
accessibility to health facilities, such as ambulance systems,
roads, or transport routes, can increase the use of health
services in a complementary manner, thus improving the

quality of care.6 Therefore, strategies to improve
accessibility to health facilities must be based on
community interventions designed to facilitate access to

operational transport in emergency situations. On the basis
of previously reported experiences in the use of
information technologies and health communication in

Peru, access to these technologies must be greatly increased
in remote areas of the country to improve health care
access by identifying health care needs and providing

access to transport and medical care.34,35

Although the distance that people must travel to receive
health care depends on geographical conditions and transport
availability, access to health facilities and health outcomes for

the population of interest are dependent on accessibility fac-
tors, and financial or cultural considerations (language or
local cultural practices), as previously described among

Amazonian Indigenous peoples of Peru.16,36 In general, the
medical literature indicates disparities in access to health
services, with less access for vulnerable populations.5,37

Therefore, identifying the associated factors, assessing the
effects of different programs at the local level, and
developing or improving strategies are crucial. In Peru, in

2009, Law No. 29344, the Universal Health Insurance
Framework Law, was adopted to ensure the full and
progressive right of every person to social security in health,
and to regulate access and functions of regulation, financing,

provision, and supervision of insurance.38 Although the
scope of this law is at the local, regional, and national levels,
progressive implementation of this law should lead to the

development of strategies to facilitate increased access to
health care among rural and remote communities, including
vulnerable groups, such as Indigenous communities.

This study has several limitations, notably that the
measures used to determine the distance to health facilities
came from administrative data and therefore have the
inherent deficiencies of secondary data analysis, data
accuracy, and unavailability of some useful features for
analysis. Similarly, seasonal factors were not considered,

such as increased river flow or differences in transport speed
according to the time of day (morning, afternoon, or night).
These characteristics influence the transport time required

to reach health facilities as well as the availability of
transport in some locations. Despite the aforementioned
limitations, the most recent and freely available data were

used, and we believe that the study findings are useful as a
first exploration of geographic accessibility to health facil-
ities among Loreto’s Indigenous communities through the
use of tools of geospatial analysis.

Conclusions

One in two Indigenous communities are located more
than 1 h from the nearest health facility. The communities
with the longest times to access health facilities are located in

the border areas of the Loreto region. These results indicate
the necessity for decision-makers and authorities to develop
or improve strategies to facilitate physical access to health
facilities and increase their use. Such measures should be

useful, given the low number of health facilities adjacent to
or near Indigenous communities. Additionally, international
agreements at the government level regarding the use of

health facilities in border areas by foreigners (such as those
from Colombia and Brazil, which border the Peruvian
Amazon) could be an alternative to provide care to Indige-

nous communities in remote areas with limited geographic
access to health facilities.
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